INFORMATION RECORDING MEDIUM AND INFORMATION 
RECORDING AND REPRODUCING APPARATUS USING THE SAME 



This application is a Continuation application of 
application Serial No. 08/978,043, filed November 25, 
1997 . 

BACKGROUND OF THE INVENTION 

The present invention relates to an information 
recording medium for recording information therein when 
receiving an energy beam and also to an information 
recording and reproducing apparatus which uses the 
information recording medium. More particularly, the 
present invention concerns an erasable optical disk such 
as a phase change type optical disk or a magneto-optical 
disk and also concerns an information recording and 
reproducing apparatus capable of reproducing information 
from the erasable optical disk and a read-only optical 
disk. 

This type of technique is disclosed in JP-A-272032 
in which two metallic layers are provided so that first 
one of the two first and second metallic layers closer to 
a recording layer is set to be lower in thermal 
conductivity than the other second metallic layer, the 
first metallic layer is disposed as opposed to the second 
metallic layer, and the recording layer is disposed 
between the first and second metallic layers. 

Further disclosed in a Proceeding of International 
Symposium on Optical Memory, 1995, pp. 151 and 152 is the 
fact that a semiconductor thin film of Si or the like 
material having a large transmittance is used in place of 
the aforementioned first metallic layer. 
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In general, reproduction compatibility condi- 
tions of the information recording and reproducing 
apparatus with the read-only optical disk are that the 
stabilities of tracking servo focusing servo ^ etc. 
5 should be taken into consideration^ a medium reflectivity 
be 15 % or more, and the modulation of a reproduced 
signal be 50 % or more when the quality of the reproduced 
signal is taken into consideration. 

Known as one of information recording media 

10 satisfying the above conditions is such an information 
recording medium using a metal such as Au having a high 
reflectivity as shown in a paper entitled "A CD- 
compatible erasable disc", by J,H. Coombs, et al., in 
Proceedings of Topical Meeting on Optical Data Storage, 

15 1994, pp. 94-106. Also known as another information 

recording medium is an information recording and repro- 
ducing system for recording, on such an information 
recording medium, information modulated based on the same 
modulation system as the read-only optical disk or an 

20 information reproducing system therefor. An optical 
recording disk is disclosed in JP-A-6-76361 - 

SVmmRY OF THE INVENTION 

It is therefore an object of the present 
invention to provide an information recording medium 
25 which can provide a good recording sensitivity and 

produce a good reproduced signal, and also to provide an 
information recording and reproducing apparatus using the 



above information recording inediiim, which can have a high 
reliability at the time of recording and reproducing 
information - 

In accordance with a first aspect of the 
present invention, there is provided an information 
recording medium which comprises a recording layer for 
recording information in the form of a recording mark 
based on atomic array change and/or electronic state 
change caused by irradiation of an energy beam, the 
recording mark being reproduced by irradiating the energy 
beam on the recording mark; and first and second metallic 
layers formed as opposed to an energy beam incident side 
of the recording layer and having different compositions, 
and wherein first one of the first and second metallic 
layers disposed closer to the recording layer contains 
Al, Cu, Ag r Au, Pt and Pd as its main components and a 
sum of contents of these atoms is 60 % or more. 

In the present invention, the second metallic 
layer contains Al, Cu, Ag, Au, Pt and Pd as its main 
components and a sum of contents of these atoms is larger 
than that of the first metallic layer- 
In accordance with a second aspect of the 
present invention, there is provided an information 
recording and reproducing apparatus for reproducing 
information from an information recording medium, which 
apparatus comprises the information recording medium of 
the aforementioned first aspect including a recording 
layer for recording information in the form of a 
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recording mark based on atomic array change and/or 
electronic state change caused by irradiation of an 
energy beam, the recording mark being reproduced by 
irradiating the energy beam on the recording mark^ and 
5 also including first and second metallic layers formed as 
opposed to an energy beam incident side of the recording 
layer and having different compositions,, wherein first 
one of the first and second metallic layers disposed 
closer to the recording layer contains Al, Cu, Ag, Au, Pt 

10 and Pd as its main components and a sum of contents of 
these atoms is 60 % or more; a laser beam irradiating 
circuit for reproducing the recording mark from the 
information recording medium; and an address information 
detecting circuit for detecting address information from 

15 an electrical signal obtained by reproducing an address 
information mark provided on the information recording 
medium. 

In accordance with a third aspect of the 
present invention, there is provided an information 

20 recording and reproducing apparatus for recording and 
reproducing information in and from an information 
recording medium, which apparatus comprises the infor- 
mation recording medium of the aforementioned first 
aspect including a recording layer for recording 

25 information in the form of a recording mark based on 

atomic array change and/or electronic state change caused 
by irradiation of an energy beam, the recording mark 
being reproduced by irradiating the energy beam on the 
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recording mark, and also including first and second 
metallic layers foirmed as opposed to an energy beam 
incident side of the recording layer and having different 
compositions, wherein first one of the first and second 
5 metallic layers disposed closer to the recording layer 

contains Al, Cu , Ag, Au, Pt and Pd as its main components 
and a sum of contents of these atoms is 60 % or more; a 
laser beam irradiating circuit for recording and repro- 
ducing the recording mark on and from the information 

10 recording medium; and a recorded signal modulating 

circuit and a recorded signal demodulating circuit for 
performing the recording operation of the recording marks 
having lengths associated with an information signal. 

In accordance with yet a fourth aspect of the 

15 present invention, there is provided an information 

recording and reproducing apparatus in which a protective 
layer of a recording medium is made up of 2 first and 
second layers. The first protective layers is made of 
( ZnS)3Q{ 5102)20 (inolar ratio). However, the first 

20 protective layer may be made of preferably a mixture 

composition (15-20 mol % of SiO^) of ZnS and SiO^ having a 
mixture ratio different from the above case or a mixture 
composition of ZnS and 10-40 mol % of oxide which will be 
given below, though its recording sensitivity and jitter 

25 become somewhat bad when compared with the above case. 
The oxide to be mixed in the above case is preferably 
SiO^r SiO, Ti02, AI2O3, Y2O3, CeO, I^a^O^r ^^2^^' ' Ge02, 

PbO, SnO, Sn02, Bx^O^f TeO^, WO^, WO3, SC2O3, Ta^O^ or Zr02- 
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Usable as the inaterial of the protective layer in 
addition to the above is an oxide such as Si-O-N inaterial 
or Si-Al-O-N material, or Cr-0 material such as Cr^03/ 
or Co-0 inaterial such as CO2O3;. CoO, an nitride such as 
5 TaN, AIN, Si-N inaterial such as Si3N^, Al-Si-N inaterial 
(e.g.^ AlSiN2)/ or Ge-N material a sulfide such as ZnS, 
Sb2S3, CdS, In2S3^ 03283, GeS, SnS2, PbS or 61283, a selenide 
such as SnSe2^ Sb2Se3, CdSe, ZnSe, In2Se3, Ga2Se3, GeSe, 
GeSe^A SnSe, PbSe or Bi2Se3, a fluoride such as CeF3, MgF2 
10 or CaF2, a composition close to the above material, or a 
mixture of the above materials. It is highly profitable 
that the protective layer comprise multi-layers of the 
protective layers of the ZnS-based material and a third 
protective layer of material other than the above ZnS- 
15 based material- In this case, the material other than 

the above ZnS-based material is preferably any one of an 
oxide, a nitride or a fluoride* 

In addition to the above material, the AI2O3 of 
the third protective layer may be replaced more prefer- 
20 ably by such material containing AI2O3 as its main 

component or Si02 as its main component, because an jitter 
increase appearing in the vicinity of a trailing-edge at 
number of rewriting of 10-100 times can be made low. 

The material of the third protective layer is 
25 higher in thermal conductivity than ( ZnS)gQ(Si02)2o- Thus, 
the thickness of the third protective layer is preferably 
in a range of not smaller than 2 nm and not larger than 
20 nm and more preferably in a range of not smaller than 
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4 rum and not larger than 8 mri. Such a 2-filin protective 
layer can act to prevent the adverse influences caused by 
the diffusion of the material of the first protective 
layer into the recording layer^ even when the first 
5 metallic layer of the present invention is absent or made 
of Si, or even when another layer is added as when such a 
metallic layer that is as thin as that 50 % or more of 
read light can transmit therethrough is added between the 
substrate and first protective layer. Further, when a 

10 fourth protective layer made of any of the materials 

usable as the material of the third protective layer is 
provided between the recording layer and second protec- 
tive layer, more enhanced effects can be obtained. The 
thickness of the fourth protective layer may be set to be 

15 similar to as in the third protective layer - 

With the above arrangement of the information 
recording medium in accordance with the present inven- 
tion, as mentioned above, the reflectivity can be made to 
be 15 % or more that is sufficient for the tracking servo 

20 and focusing servo, and the reproduced signal modulation 
also can be made to be 50 % or more. Further, since the 
information recording medium has the plurality of 
metallic layers, the optical demand can be satisfied by 
the reflection of the first metallic layer while the 

25 thermal characteristics can be satisfied by the thermal 
conduction of the other metallic layer. 

In particular, when the first metallic layer 
contains Al , Cu, Ag, Au , Pt and Pd as its main components 



and the sum of contents of these atoms is set to be not 
smaller than 70 % and not larger than 85 %; the thermal 
conductivity can be reduced to 1/10 or less^ thus 
improving the recording sensitivity in the record mode, 
5 Among these metals having high reflectivity, 

especially Al has a small wavelength dependency on the 
reflectivity and relatively inexpensive- Thus, Al is 
most excellent because it enables easy reduction of the 
thermal conductivity by a minute amount of addition of 
10 Al. 

Further, when the second metallic layer having 
a composition different from that of the first metallic 
layer is provided on a side of the first metallic layer 
opposite to the light incident side, and the compositions 

15 of the first and second metallic layers are set so that 
the second metallic layer is higher in the thermal 
conductivity and strength than the first metallic layer; 
there is provided an information recording medium which 
can provide an enhanced inter-mark thermal interference 

20 suppressing effect in the record mode, can provide a good 
quality of reproduced signal and a high productivity. 

Furthermore, the provision of the first metal- 
lic layer having the relatively low thermal conductivity 
enables the total thickness of the metallic layers to be 

25 made large without reduction of the recording sensitivi- 
ty. As a result, the recording layer flow of the 
information recording medium can be highly effectively 
suppressed . 
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The provision of a third metallic layer having 
a reflectivity higher than that of the first metallic 
layer between the second and first metallic layers 
enables further improvement of the optical character- 
5 istics of the information recording medium such as the 
reflectivity and modulation. 

When a non-metallic layer having a low thermal 
conductivity is provided between the first and second 
metallic layers, the thermal characteristics can be 
10 further improved, the recording sensitivity can be made 
high and the thermal interference between the recording 
marks can be suppressed. 

In the present invention, in the case of the 
information recording medium of a land/groove recording 
15 type in which a transparent substrate is formed therein 

with grooves and recording marks are recorded for both of 
the lands and grooves, the medium can exhibit great 
effects. In the case where a track pitch is smaller than 
the diameter (corresponding to A/NA, where NA is the 
20 numerical aperture of an objective lens for condensing a 
laser beam of wavelength A used as the energy beam on the 
information recording medium) of the energy beam, there 
can be realized a high density recording without any 
generation of cross-erase. 
25 In the infoirination recording medium of the 

present invention, since the influence of the inter-mark 
thermal interference in the record mode is minimized, 
even when mark edge recording is carried out, the 



recording mark can be controlled to have a suitable 
length . 

In addition f even when such a magnetic 
modulation recording system that a constant level of 
laser beam is irradiated on a disk and the orientation o 
an external magnetic field is modulated to record 
information, is employed as typically a magneto-optic 
disk; the information recording medium of the present 
invention is suitable for it. Even when the present 
invention is applied to a light intensity modulation 
system in which power level of the energy beam (laser 
beam) is modulated to record information, the invention 
can exhibit great ef f ects ► In the case of the light 
intensity modulation recording system, more in detail, 
heat tends to easily transmitted on the plane of the 
recording layer, which tends to influence the shape of 
the recording mark previously recorded or to be later 
recorded (thermal interference). 

In the information recording mediixm of the 
present invention, on the other hand, heat is diffused 
selectively from the first metallic layer to the second 
metallic layer, thus minimizing the thermal diffusion 
onto the plane of the recording layer. 

The above third protective layer acts to 
prevent mutual diffusion of the material of the first 
protective layer and the material of the recording layeD 
and as a result to prevent change of the reflectivity 
which appears by a large number of overwriting 
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operations. When the third layer has a thickness less 
than 2 nm^ the effect was small, When the third layer 
has a thickness of not smaller than 2 nm, its reflec- 
tivity change can be suppressed to 3 % or less and 
5 reached practical stability level or less. When the 

third layer is 4 nm thick, its reflectivity change was 2 
%. When the layer has a thickness of not smaller than 4 
nm, its reflectivity change is not so largely different 
from the case of 4 rnn. 

10 Further, the phase change recording system 

generally tends to cause the flow of the recording layer 
or a change in the shape of the layer after many rewrit- 
ing operations. The information recording medium of the 
present invention can easily suppress such deterioration. 

15 Use of the recording layer of the composition 

suitable for the information recording medium of the 
invention enables video information compressed by such a 
video compression system as MPEG2 or data equivalent 
thereto to be recorded at an equivalent data transmission 

20 rate. 

When the information recording medium of the 
present invention is used in the above information 
recording and reproducing apparatus, there is implemented 
an information recording and reproducing system which can 
25 record information with a high density, can output a good 
quality of reproduced signal and also can reproduce even 
a read-only optical disk. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a cross-sectional view of an 
inforxnation recording inediuni in accordance with an 
embodiment of the present invention; 
5 Fig. 2 is a block diagram of an information 

recording and reproducing apparatus in accordance with 
the present invention; 

Fig. 3 is a cross-sectional view of an 
information recording medium in accordance with another 
10 embodiment of the present invention; 

Fig. 4 is a cross-sectional view of an 
information recording medium in accordance with a further 
embodiment of the present invention; and 

Fig. 5 is a cross-sectional view of an 
15 information recording medium in accordance with yet 
another embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Embodiments of the present invention will be 
detailed with reference to the accompanying drawings. 

20 Although a plurality of layers are stacked so as to make 
the most of features of these layers in the present 
invention^ it is unnecessary for the respective layers 
always to be strictly separated. For example, when the 
layers are made to be about 10 nm or less, a composition 

25 ratio of an interface between the layers may be changed 
continuously as necessary. In the present invention;, it 
is assumed that the compositions of the layers are 
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expressed in terms of atom %. 
Embodiment 1 : 

Fig. 1 shows an information recording medium 1 
in accordance with an embodiment of the present inven- 
5 tion^ in which grooves having a width of 0.74 yim and a 
depth of 0.07 |im are made at a pitch of 1,48 |im, address 
information for recording of information in both lands 
and grooves is provided for the leading part of each 
sector. More in detail, the information recording medium 

10 1 comprises, as shown in Fig. 1, layers sequentially 

formed by a sputtering process on a polycarbonate sub- 
strate 11 of 0.6 mm thick for recording of lands/grooves; 
that is, a first protective layer 12 of ( ZnS ) 3^(8102) 20 
having a thickness of 80 rm, a recording layer 13 (phase 

15 change recording layer) of Ag2 5Ge2^Sb22Te55 ^ having a 
thickness of 20 nm, a second protective layer 14 of 
( ZnS )gQ(Si02)2o having a thickness of 20 nm, a first 
metallic layer 15 of Al75Cr25 having a thickness of 140 nm, 
and a second metallic layer 16 of Alg7Ti3 having a thick- 

20 ness of 140 nm. Further coated on the second metallic 

layer 16 is an organic protective layer 17 of ultraviolet 
curing resin by a thickness of about 10 \im by a spin 
coating method and then cured with ultraviolet radiation. 
Two of such phase change recording media 1 as thus formed 

25 are bonded together at their protective layer 17. In 
this connection, the polycarbonate substrate may be 
replaced by an acrylic, APO or glass substrate. 

The information recording medium 1 is provided 
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in its radial direction with 24 user recording zones ^ 
each of which has 17-40 sectors in its one turn (circum- 
ference). A motor control inethod at the time of 
recording and reproducing employs a zone constant linear 
5 velocity (ZCLV) system by which disk rotational speed is 
changed for the respective recording and reproducing 
zones. In this system format, disk linear velocities are 
different in innermost and outermost circumferences of 
each zone and are 6.0 m/sec. and 6.35 m/sec. respective- 

10 ly. In this case, the motor control method of the 

information recording medium 1 may employ such a method 
as disclosed in U.S. Patent Application Serial Nos . 
08/600,730 and 08/863,126 by H. Miyamoto et al and in 
"Information Recording Method and Information Recording 

15 Apparatus" filed on April 10, 1997 by M. Miyamoto et al. 

With use of the above information recording 
medium 1 and such an information recording and repro- 
ducing apparatus as shown in Fig. 2, information is 
recorded. Explanation will be made as to the operation 

20 of the information recording and reproducing apparatus of 
Fig. 2. 

External information is transmitted to an 8-16 
modulator 8 of the information recording and reproducing 
apparatus in units of 8 bits. When it is desired to 
25 record the information on the information recording 
medium 1, this is carried out based on a modulation 
system in which 8 bits of information is converted to 16 
bits of information, that is, on an 8-16 modulation 



system. In this modulation system, information having 
mark lengths of 3T to IIT associated with the 8 bits of 
information is recorded on the information recording 
medium 1. This modulation is carried out at the 8-16 
modulator 8 in the drawing. In this connection, 
reference symbol T denotes the period of a clock in an 
information recording mode that is set at 34.2 nsec- in 
this example. 

A digital signal of 3T to 14T converted by the 
8-16 modulator 8 is sent to a recording waveform gener- 
ating circuit 6, which in turn generates a multi-pulse 
recording waveform signal having high power pulses each 
having a width of about T/2, low power pulses each having 
a width of about T/2 between the high power pulses and 
intermediate power pulses between the above series of 
high power pulses for laser irradiation. In this case, 
for formation of a recording mark, the high power pulse 
is set at 11.0 mV?, the intermediate power pulse capable 
of erasing the recording mark is at 4.5 mW, and the low 
power pulse lower than the intermediate power pulse is at 
0.5 mW. 

The recording waveform signal generated by the 
recording waveform generating circuit 6 is sent to a 
laser driver circuit 7, which in turn causes a semi- 
conductor laser within an optical head 3 to emit light on 
the basis of the recording waveform signal received from 
the laser driver circuit 7. 

The optical head 3 mounted in the present 
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recording apparatus includes a seiniconduct.or laser which 
outputs an energy beam for information recording having a 
wavelength of 650 rnn. This laser beam is focused on the 
recording layer 13 of the information recording medium 1 
5 by means of an objective lens having a numerical aperture 
(NA) of 0.6 and is irradiated with an energy associated 
with the above recording waveform signal, thus realizing 
recording of the information. In this case, the laser 
beam has a diameter of about 1 micron and is of a 

10 circular polarization type. 

Further, the present apparatus employs such a 
system that information is recorded in both of the 
grooves and lands (i.e., regions located between the 
grooves), that is, a land/groove recording system. With 

15 the present recording apparatus, a land/groove servo 

circuit 9 can perform arbitrary tracking selection over 
the lands and grooves. 

Reproduction of the recorded information is 
carried out also with use of the above optical head 3- 

20 That is, a laser beam converged to the same size as in 

the record mode is irradiated on the recorded mark, light 
reflected from parts other than the mark and groove is 
detected to thereby obtain a reproduced signal. The 
reproduced signal is amplified with respect to amplitude 

25 by a preamplif ication circuit 4 and then sent to an 8-16 
demodulator 10. The 8-16 demodulator 10 converts the 
received signal to 8-bit information for every 16 bits. 
With the above operations, the reproduction of the 
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recorded mark is completed. 

When recording is carried out on the informa- 
tion recording medium 1 under the aforementioned 
conditions, the 3T mark as the shortest mark has a mark 
5 length of about 0.62 pm^ while the 14T mark as the 
longest mark has a mark length of about 3.08 pm. 

A crystallization rate of the recording layer 
13 is adjusted so that a region on the information 
recording mediiim 1 irradiated by a laser beam of high one 

10 of the high, intermediate and low power pulses in the 
multi-pulse waveform signal is transfo3rmed to an 
amorphous state, and a region irradiated by a laser beam 
of the intermediate power pulse is transformed to a 
crystalline state , 

15 In the case of the above information recording 

and reproducing apparatus, the information recording 
medium 1 at the time of the reproduction has a reflec- 
tivity of 17 %. Assuming that a voltage level obtained 
by converting the reflected light reproduced by the 14T 

20 mark through a photoelectric element within the optical 
head 3 is denoted by V^^, a voltage level obtained by 
converting the reflected light from a non-recording-mark 
(crystallization) region having no recording marks 
through the photoelectric element is denoted by Vq, and 

25 (^o~^l4)^^0 referred to as reproduced signal modulation; 
then the reproduced signal modulation when the recording 
and reproduction are carried out under the above condi- 
tions of the information recording medium 1 is 60 %. 



As has been explained in detail above^ when the 
information recording and reproducing apparatus is used 
in combination with the information recording iriedium of 
the present invention, there can be realized an informa- 
tion recording and reproducing apparatus which can 
reproduce information with a high density and a good 
quality of reproduced signal and which can also reproduce 
a read-only recording medium. Although explanation has 
been made in connection with the case where the crystal- 
lization region is higher in reflectivity than the 
recording mark region (amorphous region) in the foregoing 
embodiment, it is unnecessary that the crystallization 
region be higher in reflectivity than the recording mark 
region and thus the recording mark region may be set;, as 
necessary, to be higher in reflectivity than the crystal- 
lization region. In the latter case, a reproduced signal 
modulation (V^^-Vq)/Vj^ is designed to have a value of 50 % 
or more and thus so that the reflected light reproduced 
from the 14T mark has a reflectivity of 15 % or more. 
The above information recording and reproducing apparatus 
may be a hard drive having the information recording 
medium 1 of the present invention as a stationary disk or 
may be a removable disk drive having the information 
recording medium 1 as a removable disk. 
Embod iment 2 : 

Explanation will next be made as to features of 
the information recording medium 1 already explained in 
connection with Fig. 1, More specifically, explanation 
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will be directed to a reflectivity and a laser power 
(recording power) necessary for recording when the first 
metallic layer 15 of the information recording medium 1 
contains Co as its addition element and the recording 
5 layer 13 is put in its crystalline state. VJhen the 

addition amount of Co in the first metallic layer 15 is 
lower than 5 a sufficiently large reproduced signal 
modulation can be obtained but the recording power 
becomes 13 mW or more, which is not practical. When the 
10 addition amount of Co is 35 % or more, the recording 
power becomes as very low as 9 mW or less but the 
reproduced signal modulation becomes 50 % or less, 
whereby a practical quality of reproduced signal cannot 
be obtained. When the addition amount of Co is not less 
15 than 5 % and not larger than 35 %, the recording power 
becomes 13 mW or less and the reproduced signal modula- 
tion becomes 50 % or more, which is practical. In this 
case, the reflectivity from the crystallization-state 
layer has a value as good as 15-24 %. Similar effects to 
20 the above can be obtained even when Ti, Cr, l^i, Mg, Si, 

V, Ca, Fe, Zn, Zr, Nb, Ko, Rh, Sn, Sb, Te, Ta, W, Ir, Pb, 
B or C is used as the addition element in place of Co. 
In particular, when Co, Cr, Ti, Ni, Fe or Cu is used as 
the addition element, great effects can be obtained. 
25 When an Al content is within 65-95 % regardless of the 
type of the addition element, great effects can be 
obtained. When the Al content is, in particular, within 
70-80 %, a good recording sensitivity and a large 



- 20 - 

reproduced signal modulation can be obtained. 

When the above element Co is added to metal 
such as Cu, Ag^ Pt or Pd having a high reflectivity other 
than Al ^ similar effects can be obtained. In particular, 
5 when Al or Au is advantageous for the first metallic 

layer 15, because a high quality of reproduced signal can 
be obtained with a high reliability even after corrosion 
resistance tests and many rewriting operations. 

Further,. Co or Ni has a relatively high reflec- 

10 tivity though not so high as that of the above high- 
reflection-factor elements, and thus when such element is 
contained as the addition element, there can be realized 
a recording medium 1 which is high in the reflectivity, 
modulation and recording sensitivity, 

15 With the information recording medium 1 of the 

present invention, the provision of the first metallic 
layer 15 causes heat generated in the recording layer 13 
in the record mode to tend to less diffuse in a planar 
direction of the recording layer 13 and to more flow 

20 selectively from the first metallic layer 15 to the 

second metallic layer 15. For this reason, inter-mark 
heat interference occurring at the time of irradiating 
the laser beam, which would become a problem at the time 
of mark edge recording, can be suppressed and thus a high 

25 quality of signal can be obtained with a low jitter. 
Embodiment 3 : 

Other features of such an information recording 
medium 1 as shown in Fig. 4 will then be explained. 
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Explanation will be directed to the jitter of a repro- 
duced signal when the second metallic layer 16 of the 
information recording medium 1 contains Cu as the 
addition element and the recording layer 13 is put in a 
5 crystalline state. When an Al content is lower than 90 
%f the jitter of the reproduced signal cannot have such a 
practical value as 10 % or more. When the Al content is 
90 % or more;- a good jitter value of 10 % or less can be 
obtained • In this case, preferably, a reflectivity from 

10 the crystallization layer is 17 %, the reproduced signal 
modulation is 65 % and the recording power is 13 mW or 
less. Similar effects can be obtained even when Ti, Cr, 
Ni, Mg, Si, V, Ca, Fe, Zn, Zr, Nb, Mo, Rh , Sn, Sb, Te, 
Ta, W, Ir, Pb, B or C is used as the addition element 

15 other than Co- In particular, when the addition element 
is Co, Cr, Ti, Ni, Fe or Cu, great effects can be 
obtained. When the Al content is 90 % or more regardless 
of the type of the addition element, great effects can be 
obtained- When the Al content is especially 95-98 %, a 

20 good recording sensitivity and a sufficiently low jitter 
value can be obtained. 

When the above element Co is added to metal 
such as Cu, Ag^ Ft, Pd or Mo having a high thermal 
conductivity other than Al, similar effects can be 

25 obtained. In particular, when Al , Au or Mo is 

advantageous for the second metallic layer 16, because a 
high quality of reproduced signal can be obtained with a 
high reliability even after corrosion resistance tests 
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and many rewriting operations. 

Further, Co or Ni has a relatively high 
reflectivity though not so high as the above high- 
thermal-conductivity elements, and thus when such element 
5 Cu is contained as the addition element, there can be 

realized a recording medium which is high in the reflec- 
tivity, reproduced signal modulation and recording 
sensitivity , 

With the information recording medium 1 of the 
10 present invention, the provision of the second metallic 
layer 16 causes heat generated in the recording layer 13 
in the record mode to tend not to be stored in the first 
metallic layer 15 but to easily flow selectively from the 
first metallic layer 15 to the second metallic layer IS- 
IS For this reason, inter-mark heat interference occurring 
at the time of irradiating the laser beam, which would 
become a problem at the time of mark edge recording, can 
be suppressed. In addition, since the recording layer 13 
can be quickly cooled, such a problem as recording film 
20 flow can less take place. Thus a high quality of signal 
can be obtained with a low jitter. 

In the present embodiment, recording has been 
carried out for the phase change recording layer 13 of 
Ge, Sb, Te, In, Ag, etc. as major components in the 
25 information recording medium 1, However, the subject 
matter of the present invention is to control optical 
characteristics (reflectivity, reproduced signal 
modulation) and thermal characteristics (temperature 



distribution, cooling or quench rate distribution) of the 
recording medium 1 for recording marks by means of heat 
generated by the energy beam. Thus the present invention 
is not restricted especially to the phase change optical 
disk and, even when the invention is applied to a 
magneto-optic recording layer of Tb, Fe, Co, Dy, Gd, etc. 
as major components, good effects can be obtained. 
Further, the present invention is not limited to the 
erasable information recording medium. Furthermore, in 
the case of organic pigment recording where the state of 
the substrate 11 or recording layer 13 is changed for 
recording, only when a high power pulse laser beam is 
irradiated thereon, the substrate or layer changes in its 
state, which change is irreversible. However, as already 
mentioned above, the subject matter of the present 
invention is to control optical characteristics 
(reflectivity, modulation) and thermal characteristics 
(temperature distribution, cooling or quench rate 
distribution) of the recording medium for recording 
therein recording marks by means of heat generated from 
the energy beam. Therefore, the present invention can be 
not only limited to the erasable optical disk but also 
applied even to a write once, read many times (WORM) disk 
or a direct read after write (DRAW) disk. 
Embodiment 4 : 

Explanation will be made as to other features 
of the information recording medium 1 in connection with 
Fig. 1. In the recording medium 1 of the present inven- 
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tion^ the optimum layer thickness ranges are present for 
the first and second metallic layers 15 and 16 respec- 
tively. When the first metallic layer 15 is too thin, 
the recording sensitivity is lowered so that the still 
5 remaining recording mark even after its recording 

operation involves such a problem as increased jitter; 
whereas, when the first metallic layer 15 is too thick, 
the productivity is lowered so that a fluctuation in the 
recording mark shape (influenced by rough crystalline 

10 grains generated around the recording mark in the record 
mode) involves such a problem as increased jitter. When 
the second metallic layer 16 is too thin, on the other 
hand, a fluctuation in the recording mark shape involves 
problems of increased jitter and recording film flow; 

15 whereas, when the second metallic layer 15 is too thick, 
there occur problems of a lowered recording sensitivity 
and increased jitter caused by the remaining recording 
mark- Experiments were carried out with use of the first 
metallic layer 15 of Al7-^Cr23 and the second metallic layer 

20 16 of Alg^Cu^ to find a relationship between the thickness 
of the first metallic layer 15 and jitter in the 
reproduced signal . 

'When the thickness of the first metallic layer 
15 is smaller than 30 nm or is larger than 300 nm, the 

25 jitter value increases and thus it is impossible to 

obtain a practical jitter value of 10 % or less; whereas, 
when the thickness of the first metallic layer 15 is not 
smaller than 30 nm and not larger than 300 nm, a desira- 
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ble jitter value of 10 % or less can be obtained. In 
this case, the reflectivity ^ reproduced signal modulation 
and recording power are 20 65 % and 9.5-12.5 mW 
respectively, which are all preferable. 
5 Explanation will then be niade as to the 

thickness dependency of the second metallic layer 16 upon 
the reproduced signal jitter and recording power of the 
information recording medium 1 of the present invention 
after 100,000-time rewriting operations. In this case^ 

10 the first metallic layer 15 is made of Aly^Ni2g and the 
second metallic layer 16 is made of . 

When the thickness of the second metallic layer 
16 is smaller than 50 nm, the recording power takes a 
good value of 9.5 mW or less, but the reproduced signal 

15 jitter after 100,000-time rewriting operations takes 10 % 
or more that is not practical. When the thickness of the 
second metallic layer 16 is larger than 250 nm, on the 
other hand, the reproduced signal jitter after 
100,000-time rewriting operations takes a good value of 8 

20 % or less but the recording power takes an undesirable 
value of 13 mW or more that is not practical. When the 
thickness of the second metallic layer 16 is not smaller 
than 50 nm and not larger than 250 mn, both a good jitter 
value of 10 % or less and a high recording sensitivity of 

25 13 mW or less can be obtained. In this case, the 

reflectivity reproduced and signal modulation take good 
values of 15 % and 55 % respectively. Further, when the 
second metallic layer 16 is made of Mo, the recording 
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film flow can be suppressed to a large extent - 
Embodiinent 5 : 

Other features of the information recording 
medium 1 will be explained by referring to Fig, 1. In 
5 the information recording medium 1 of the present 

invention, the reflectivity of the first metallic layer 
15 tends to be lower than those of metals Al , Cu ^ Au, Ag^- 
Pt, Pd^ etc. having high reflectivity. Thus, in order to 
set the thicknesses of the first and second protective 

10 layers 12 and 14 and recording layer 13 suitable to 

provide a reflectivity of 15 % or more and a reproduced 
signal modulation of 50 % or more, proper control over 
the thicknesses is required. When a laser wavelength is 
X and the first protective layer 12 has a refractive 

15 index n, the first protective layer 12 is required to 
have preferably a thickness of A/(3n) to A/(6n). As a 
result, the laser beam interferes between the surface of 
the recording layer 13 and the surface of the transparent 
substrate 11 to provide a high reproduced signal 

20 modulation. 

Further, the first protective layer 12 may be 
made of oxide, unsaturated oxide, sulfide or nitride 
having refractive indexes of 1.5 or more or made of such 
semiconductor as Si having a small absorptance. For 

25 example, the first protective layer 12 may be made of 

preferably one selected from the group consisting of SiO, 
SiO^, -^rip^, ^12^3' ^^^f GeO^, PbO, SnO, SnO^, 31203, Te02^ 
WO^, WO3, Ta^O^, TiO^, Zr02, CdS, ZnS, CdSe, ZnSe, In2S3, 
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InSe3/ 55283, Sb2Se3, Ga^S^, Ga^Se^r HgF^, GeS, GeSe, GeSe^, 
SnS, SnSe, PbS, PbSe, Bi^Se^^ 612503, TaN, Si3N^, AlN and Si; 
or mixtures of two or more selected from the above group. 
Generally speaking, in order to obtain a sufficient 
5 mechanical strength and to prevent water from penetrating 
from the polycarbonate substrate 11 and also to prevent 
chemical change of the recording layer 13 the first 
protective layer 12 is required to have a thickness of at 
least about 50 nm. 
10 When the first protective layer 12 is too 

thick, the conditions are shifted from the above 
interference conditions of the laser beams . To avoid 
this, the first protective layer 12 is required to have 
an upper limit thickness of about 100 nm. In particular, 
15 when the first protective layer 12 is set to have a 

thickness of 70-90 nm, satisfying the conditions of the 
reflectivity of 15 % or more and the reproduced signal 
modulation of 50 % or more means that a ratio Rr/Rn 
between a reflected light level Rr from a recording mark 
20 of amorphous state which is recorded on the information 
recording medium 1 by a laser beam and which has a width 
corresponding to half or less of the width of the laser 
beam and a length corresponding to the laser beam width 
or more and a reflected light level Rn from a non- 
25 recording-mark region of a crystalline state should be 
not larger than 0.5 or not smaller than 2.0, In this 
case, a sufficient mechanical strength can be obtained 
and water penetration from the polycarbonate substrate 11 



as well as the chemical change of the recording layer 13 
can be both prevented. In particular, in the case where 
recording film flow is caused in the recording layer 13 
by many recording operations as in the phase change 
recording film to deteriorate the reproduced signal^ the 
first protective layer 12 is set to have a thickness of 
70-90 nm, thereby enabling suppression of the recording 
film flow. 

From an optical viewpoint it is suitable that 
the recording layer 13 have a thickness of not smaller 
than 5 nm and not larger than 30 nm. In particular, when 
the recording layer 13 has a thickness of not smaller 
than 15 nm and not larger than 25 nm, the reflectivity 
can take 15 % or more and the reproduced signal modula- 
tion can take 50 % or more. However, in the case of such 
an ordinary recording layer that the recording film flow 
causes deterioration of the reproduced signal as in the 
phase change recording layer, when the recording layer 13 
is 25 nm thick or less, the recording layer 13 tends to 
become low in strength and to be deteriorated. The first 
metallic layer 15 used in the present invention has a 
thermal expansion coefficient smaller than the thermal 
expansion coefficients of usual metals having high 
ref lectivitys , so that the recording layer 13 is 
excellent in strength and, even when the recording layer 
13 is set to be 25 nm thick or less, the recording film 
flow can be suppressed. 

Substantially the same materials as in the 
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first protective layer 12 can be employed for the 
material of the second protective layer 14. From an 
optical viewpoint, it is demanded that the second protec- 
tive layer 14 be made as thin as possible. From the 
5 viewpoint of the reaction of the second protective layer 
14, recording layer 13 and first metallic layer 15 or of 
easy heating of the recording layer 13, however, the 
second protective layer 14 should have a thickness of 
preferably not smaller than 10 mn and not larger than 40 

10 nm. In particular, when the second protective layer 14 
is set to have a thickness of not smaller than 15 nm and 
not larger than 30 nm, good thermal and optical charac- 
teristics can be obtained. 

The above explanation has been made in 

15 connection with the case where the first protective layer 
12, second protective layer 14 and recording layer 13 are 
made respectively in the form of a single layer- 
However, important is that the first protective layer 12 
having a thickness of not smaller than 50 nm and not 

20 larger than 100 nm is provided so as to satisfy the above 
interference conditions of the laser beam. Thus, even 
when such a third protective layer 20 different in 
composition from the first protective layer ^12 is 
provided adjacent to the first protective layer 12 as 

25 shown in Fig. 5, it is allowed. In particular, when the 
third protective layer 20 is disposed between the first 
protective layer 12 and recording layer 13 and the third 
protective layer 20 is added with a compound of Al and O, 
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a change in the reflectivity or reproduced signal 
modulation caused by many rewriting operations can be 
suppressed . 

In the present embodiment, the first protective 
5 layer 2 is made of ( ZnS ) Si02 ) (niolar ratio). However, 
the first protective layer 12 may be made of preferably a 
mixture composition (15-20 mol % of SiO^) of ZnS and SiO^ 
having a mixture ratio different from the above case or a 
mixture composition of ZnS and 10-40 mol % of oxide which 

10 will be given below, though its recording sensitivity and 
jitter become somewhat bad when compared with the above 
case. The oxide to be mixed in the above case is 
preferably SiO^, SiO, TiO^, AI2O3, ^^03, CeO, La^Oj, In^O^, 
Geo, GeO^, PbO, SnO, SnO^r 61203, TeO^, WO^, WO3, SC2O3, Ta^O^ 

15 or Zr02. Usable as the material of the protective layer 
in addition to the above is an oxide such as Si-O-N 
material or Si-Al-O-N material, or Cr-O material such as 
Cr203, CrO, or Co-O material such as €0203^ CoO an nitride 
such as TaN, AlN, Si-N material such as Si3N^, Al-Si-N 

20 material (e.g., AlSiN^) or Ge-N material, a sulfide such 
as ZnS, Sb2S3, CdS , In2S3, Ga2S3, GeS, SnS^r PbS or 31283, a 
selenide such as SnSe2/ Sb2Se3, CdSe, ZnSe, In2Se3, Ga2Se3, 
GeSe, GeSe2, SnSe, PbSe or 612863, a fluoride such as CeF3, 
MgF2 or CaF2/ a composition close to the above material, 

25 or a mixture of the above materials. It is highly pro- 
fitable that the protective layer comprise multi-layers 
of the protective layers of the ZnS-based material and a 
third protective layer of material other than the above 
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ZnS-based material. In this case, the material other 
than the above ZnS-based material is preferably any one 
of an oxide, a nitride or a fluoride* 

In addition to the above material, the Al^Oj of 
5 the third protective layer may be replaced more prefer- 
ably by such material containing Al^O^ as its main 
component or Si02 as its main component, because an jitter 
increase appearing in the vicinity of a trailing-edge at 
number of rewriting of 10-100 times can be made low. 

10 The above third protective layer acts to 

prevent mutual diffusion of the material of the first 
protective layer and the material of the recording layer 
and as a result to prevent change of the reflectivity 
which appears by a large number of overwriting opera- 

15 tions . When the third layer has a thickness less than 2 
nm, the effect was small. When the third layer has a 
thickness of not smaller than 2 nm, its reflectivity 
change can be suppressed to 3 % or less and reached 
practical stability ► "When the third layer is 4 nm thick, 

20 its reflectivity change was 2 %. When the layer has a 
thickness of not smaller than 4 nm, its reflectivity 
change is not so largely different from the case of 4 nm. 
However, the material of the third protective layer is 
higher in thermal conductivity than { ZnS)gQ(Si02)2o* Thus, 

25 the thickness of the third protective layer is preferably 
in a range of not smaller than 2 nm and not larger than 
20 nm and more preferably in a range of not smaller than 
4 nm and not larger than 8 nm. Such a 2-layer protective 
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layer can act to prevent the adverse influences caused by 
the diffusion of the material of the first protective 
layer into the recording layer, even when the first 
metallic layer of the present invention is absent or made 
5 of Si, or even when another layer is added as when such a 
metallic layer that is as thin as 50 % or more of read 
light can transmit therethrough is added between the 
substrate and first protective layer. Further^ when a 
fourth protective layer made of any of the materials 

10 usable as the material of the third protective layer is 
provided between the recording layer and second protec- 
tive layer, more enhanced effects can be obtained. The 
thickness of the fourth protective layer may be set to be 
similar to as in the third protective layer. 

15 In this connection, the recording layer 13 and 

second protective layer 14 are not necessarily required 
to be made each as a single layer and may be made of a 
single layer having a plurality of compositions . 
Embodiment 6 : 

20 Explanation will be made as to an information 

recording medium 1 in accordance with another embodiment 
of the present invention in connection with Fig. 3- In 
the information recording medium 1 of the present inven- 
tion, a third metallic layer 18 containing the amounts of 

25 Al, Cu, Ag, Au , Pt , Pd , etc. larger than those of the 
first metallic layer 15 is provided between the second 
protective layer 14 and first metallic layer 15 to 
thereby improve its reflectivity and reproduced signal 



modulation. However, the third metallic layer 18 has its 
optimuin thickness range. When the third metallic layer 
18 is too thick, there occur problems of increased jitter 
and lowered recording sensitivity. 

Explanation will be made as to the thickness 
dependency of the third metallic layer 18 on the 
recording power and reproduced signal modulation of the 
information recording medium 1 of the present invention. 
In this case, the first metallic layer 15 is made of 
AlyjCo^gr the second metallic layer 16 is made of AlggTi^r 
and the third metallic layer 18 is made of Al^gTi^. 

When the third metallic layer 18 is 30 nm thick 
or more, the recording power is increased but recording 
cannot be realized with a practical level of 13 mW or 
less. When the thickness of the third metallic layer 18 
is not larger than 30 nm, however, recording can be 
realized with the recording power of 13 mV? or less. In 
this case, the reproduced signal modulation increases as 
the thickness of the third metallic layer 18 increases, 
and, when the third metallic layer 18 is 30 nm thick, the 
reproduced signal modulation becomes about 70 %. In this 
case, the reflectivity takes a good value of 17 %. 
Embodiment 7 : 

Explanation will be made as to a information 
recording medium 1 in accordance with other embodiment of 
the present invention by referring to Fig. 4, In the 
information recording medium 1 of the present invention, 
an intermediate layer 19 is provided between the first 
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metallic layer 15 and second metallic layer 16. The - 
intermediate layer 19 is made of oxide, low oxide, 
sulfide or nitride of metals (semiconductor) which 
follow, or semiconductor as Si. For example, the 
5 intermediate layer 19 may contain at least one selected 
from the group consisting o'f SiO, SiO^, In203, A1^03, GeO, 
GeO^r ^i>0, SnO, SnO^, Bi^03, TeO^/ WO^/ Ta^O^, TiO^/ 

ZrO^, Crp^, CrO, CO2O3, CoO, CdS, ZnS, CdSe, ZnSe, In^S^, 
InSe3, 55283, Sb2Se3, Ga^S^r Ga^Se^, HgF^, GeS, GeSe, GeSe^, 
10 SnS, SnSe, PbS, PbSe, Bi2Se3, Bi2Se3, TaN, Si3N^, AlN and 
Si, Thereby the recording film flow can be suppressed, 
the recording sensitivity can be improved, and the jitter 
can be reduced. Usable as the material of the inter- 
mediate layer 19 is a material of the above oxide, low 
15 oxide, sulfide, nitride or such semiconductor as Si added 
to the metal. The requirement demanded for the inter- 
mediate layer 19 of the present invention is that the 
intermediate layer 19 be smaller in thermal conductivity 
than at least the second metallic layer 16 and desirably 
20 than the first metallic layer 15. When the intermediate 
layer 19 is disposed between the first metallic layer 15 
and second metallic layer 16, the optimum thickness of 
the first metallic layer 15 is not smaller than 30 nm and 
not larger than 100 nm. When the thickness of the first 
25 metallic layer 15 is smaller than 30 nm, the laser beam 

is passed through the first metallic layer 15 so that the 
optical properties (refractive index, layer thickness) of 
the intermediate layer 19 will undesirably influence the 



- 35 - 

reproduced signal. When the first metallic layer 15 is 
100 mn thick or more, the cooling or quench rate of the 
recording layer 13 becomes too low so that the recording 
layer is deteriorated and the recording mark to be formed 
5 is distorted by recrystallization , When the thickness of 
the first metallic layer 15 is not smaller than 50 nm and 
not larger than 80 mn, especially great effects can be 
obtained . 

Further jr the intermediate layer 19 has its 
10 suitable thickness range. When the thickness of the 
intermediate layer 19 is larger than 200 nm, the 
recording sensitivity becomes good but the jitter of the 
reproduced signal is remarkably increased under the 
influence of rough crystalline grains generated around 
15 the recording mark. When the intermediate layer 19 is 

200 nm thick or less, the jitter of the reproduced signal 
takes a practical level of 10 % or less. When the 
thickness of the intermediate layer 19 is not smaller 
than 50 nm and not larger than 100 nm, the recording film 
20 flow inherent in the phase change recording film can be 

suppressed, and, even after 100,000 rewriting operations, 
a good jitter value can be obtained and the recording 
film flow can be suppressed. 
Embodiment 8 : 

25 The recording layer 13 has its optimum com- 

position ranges when it is desired to record, on the 
inf orTTiation recording medium 1, video information 
compressed such a picture compression method as Gloving 
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Picture Experts Group 2 (MPEG2) or to record the above 
video information at a information transmission rate 
equivalent to a necessary information transmission rate 
therefor; when the information recording medium 1 of the 
present invention is designed to be able to record video 
information based on such a picture compression method as 
MPEG2 or to record the above video information at a 
information transmission rate equivalent to a necessary 
information transmission rate therefor; or when it is 
desired to reproduce a read-only optical disk in which 
video information recorded therein as compressed based on 
such a picture compression method as the above. The 
reasons for it will be explained in the following. In 
this connection, the read-only optical disk may be used 
as disclosed in U.S. Patent Application Serial No, 
08/744,760 by S, Yonezawa et al and its two continuation- 
in-part applications by S. Yonezawa and filed on 
September 17, 1997. 

In general^ when it is desired to reproduce 
video information from a read-only optical disk having 
the information recorded therein based on such a video 
compression method as MPEG2, or when it is desired to 
compress video information based on such a video com- 
pression method as MPEG2 and then to record it; a data 
transmission rate (information transmission rate) at the 
time of recording the information is required to have a 
suitable value* For example,r the data transmission rate 
of video information compressed based on MPEG2 is about 6 



Ms/sec. However^ when it is desired to record or repro- 
duce the information of snch a transmission rate on or 
from the information recording medium 1 of the present 
invention, it is necessary to record and reproduce the 
information at a disk linear velocity of 3-12 m/sec* 
This is because, when the disk linear velocity is small, 
it becomes impossible to record and reproduce the video 
information on a real time basis; whereas, when the disk 
linear velocity is larger than the above value, it 
becomes impossible to process at a high rate the video 
information being continuously transmitted. 

Further, the recording layer 13 based on the 
phase change recording method is required to have the 
optimum compositions for both the structure of the 
information recording medium 1 and the disk linear 
velocity. When the information recording medium 1 of the 
present invention is used, the first metallic layer 15 
having a relatively small thermal conductivity is present 
between the second protective layer 14 and second metal- 
lic layer 16, so that it is valid for the recording layer 
13 to have a composition range different from that of a 
general information recording medium not having the first 
metallic layer 15. 

As a result of our much studies, it has been 
found that, when the disk linear velocity is set at a 
value of 3-12 m/sec- and it is desired to record 
information on the information recording medium 1 of the 
present invention with the shortest mark length of 
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0.2-0.7 \xmr it is preferable that the recording layer 13 
contains at least Ge^ Sb and Te as its main components 
and is added with an addition element M of at least one 
or more selected from the group having Ge ^ Sb, Te, Ag , 

5 In, Co, Se, Ti , Cr, Ni , Mg, Si, Ca, Fe, Zn, Zr, Nb, 

Mo, Rh, Sn, Ta, W, Ir, Pb, B and C, and has a composition 
ratio of (Ge2Sb2Te3 ) (^_^)+M^ (where 0 . 015<x<0 . 20 ) . 

In this connection, M is not limited to a 
single element but may be a plurality of elements. 

10 Important herein is that one or more types of the above 

addition elements are added to the compound (Ge^Sb^Te^) so 
that a total sum of composition ratios for the above 
addition elements is not smaller than 1.5 % and not 
larger than 10 %. When the sum of composition ratios for 

15 the above addition elements is smaller than 1.5 %, a 

recrystallization (rough crystallization) region to be 
generated around the recording mark and leading to a 
cause of increased noise becomes large, so that it 
becomes impossible to record and reproduce information at 

20 a high density of 12 m/sec. or less* When the sum of the 
composition ratios for the above addition elements is 
larger than 10 %, it becomes impossible to erase 
(recrystallize) the recording mark (i.e., the recording 
mark remains without being erased) and becomes impossible 

25 to overwrite the information, thus increasing the 

reproduced signal jitter to a large extent. When the sum 
of composition ratios for the above addition elements is 
not smaller than 1.5 % and not larger than 10 %, it can 
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be avoided that the noise is increased by the recrystal- 
lization of the region around the recording mark and the 
jitter is generated by the still remaining recording 
mark, thus realizing good recording and reproduction. 



